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1
IMIQUIMOD PRODUCTION PROCESS

BACKGROUND OF THE INVENTION

4-amino-1-1sobutyl-1H-imidazo[4,5-c]quinoline, also
known as imiquimod, 1s an immune response modifier, useiul
for treating genital warts. Imiquimod 1s also used for topical
treatment of clinically typical nonhyperkeratotic, nonhyper-
trophic actinic keratoses on the face or scalp 1n immunocom-
petent adults and for the treatment of biopsy-confirmed, pri-
mary superficial basal cell carcinoma 1n 1 mmunocompetent
adults, with a maximum tumor diameter of 2.0 cm, located on
the trunk (excluding anogenital skin), neck, or extremities
(excluding hands and feet). Imiquimod 1s marketed as a 5%
cream under the trade name Aldara® and has the following
structural formula (I):

: N/\\N

X
=
N

(D)

‘ X
F

NH,

The synthesis of imiquimod is described 1n U.S. Pat. Nos.
4,689,338 and 4,929,624 (to Minnesota Mining and Manu-
facturing Co. Inc.). The processes described therein mvolve
an ammonolysis reaction carried out by heating the com-
pound 4-chloro-1-1sobutyl-1-1midazo[4,5-c|quinoline of for-
mula (II) 1n the presence of ammonium hydroxide or ammo-

nia 1n methanol under high pressure (e.g. 1n a steel bomb) at
150° C. to afford imiquimod of formula (I), as depicted 1n
Scheme 1.

Scheme 1
> ~ N /\\ N
NN N mnmcuncnlysish
\
2 N/ Cl
(1)
> ~ N/\ N
‘ XX
= N/ NH>
Imiquimod

(1)

U.S. Pat. No. 4,988,815 describes a process for preparing
imiquimod, which nvolves ammonolysis of the compound
4-chloro-1-1sobutyl-1H-1imidazo[4,5-c]quinoline.

Conventional processes using ammonolysis, €.g., as
described 1n U.S. Pat. Nos. 4,689,338 and 4,929,624, are

disadvantageous 1n that the reaction 1s conducted at high
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temperature and under pressure, which 1s undesirable with
respect to industrial safety measures.

US Patent Application Publication No. 2005/0085500 dis-

closes a process for preparing imiquimod 1n which 4-chloro-
1 -1sobutyl-1H-1midazo[4,5-c]quinoline 1s converted to 1mi-
quimod in three steps. In the first step, 4-N-benzylamino)-1-
1sobutyl-1H-1midazo[4,5-c]quinoline 1s obtained by reacting
4-chloro-1-1sobutyl-1H-1midazo[4,5-c]quinoline with large
excess of benzylamine. In the second step, the acid addition
salt of 4-(N-benzylamino)-1-1sobutyl-1H-imidazo[4,5-c]
quinoline 1s prepared, and in the third step imiquimod 1is
obtained from the acid addition salt by reaction with NaOH.
The above process 1s disadvantageous 1n that it 1s lengthy.

US Patent Application Publication No. 2006/0004202 dis-
closes a process for preparing imiquimod 1n which 4-chloro-
1 -1sobutyl-1H-1midazo[4,5-c]quinoline 1s converted to 1mi-
quimod by reaction with hydroxylamine 1n the presence of
sodium acetate. However, imiquimod 1s obtained by this pro-
cess 1n a relatively the low vield of 52%, which makes this
process unattractive for industrial implementation.

International Patent Application Publication No. WO
2006/0703°79 discloses a process for preparing imiquimod 1n
which 4-chloro-1-1sobutyl-1H-1midazo-[4,5-c]quinoline 1s
converted to 4-10do-1-1sobutyl-1H-1imidazo[4,5-c]quinoline
by reaction with sodium 1odide 1n the acetone followed by
converting the resulting 4-10do-1-1sobutyl-1H-1imidazo[4,5-
¢]quinoline to imiquimod with methanolic ammonia at a tem-
perature of 150-155° C. and high pressure. In this case, not
only 1s the process lengthy (with the extra step of preparing
the intermediate 4-10do-1-1sobutyl-1H-1imidazo[4,5-c]quino-
line) but also the reaction 1s conducted at high temperature
and pressure.

Thus, there 1s a need for an improved process for preparing,
highly pure imiquimod starting from 4-chloro-1-1sobutyl-
1 H-1imidazo[4,5-c]quinoline, which 1s suitable for industrial
use in comparison to conventional processes, and produces
highly pure imiquimod in fewer steps and under more 1indus-

trially viable conditions. The present invention provides such
a process.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a novel, simplified process
for preparing 4-amino-1-1sobutyl-1H-1imidazo[4,5-c]quino-
line (1imiquimod) of formula (I), which avoids using gaseous
ammonia. The process of the present invention preferably
includes:

heating 4-chloro-1-i1sobutyl-1H-1imidazo[4,5-c]-quinoline
of formula (II) 1n an organic solvent and in the presence of a
non-gaseous amine precursor, which preferably includes one
or more amine precursors selected from guanidine and salts
thereof (e.g., guamdine, guanidine carbonate, guamdine
hydrochloride, and the like), urea, melamine, semicarbazide
and salts thereof (e.g., semicarbazide hydrochloride and the
like), carbamates (e.g., ethyl carbamate), 3-amino-1,2,4-tr1-
azine, 3-amino-1,2,4-triazole, and 4-amino-1,2,4-triazole, to
produce a compound of formula (I);

1solating the compound of formula (I); and

optionally purifying the obtained compound of formula (I).

Preferably, the reaction 1s carried out 1n an organic solvent
in the presence of the non-gaseous amine precursor. Preferred
non-gaseous amine precursors include guamdine (e.g., guani-
dine carbonate) and urea.

The present mvention further provides a process for pre-
paring the compound 1-1sobutyl-1H-1midazo[4,5-c]quinolin-
4-guanidine of formula (11I)
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which process preferably includes:

reacting a compound of formula (II) with guanidine car-
bonate 1n an organic solvent, preferably at a temperature of
from about 130° C. to about 135° C.;

adding a base to the reaction mixture; and

1solating the product.

According to the present invention, the compound I-1sobu-
tyl-1H-imidazo[4,5-c]quinolin-4-guanidine (III) may be
converted into 1miquimod, e.g., by a process that includes:

hydrolyzing the compound of formula (III) at a tempera-
ture higher than 140° C.;

cooling the reaction mixture to ambient temperature and
collecting crude imiquimod, e.g., by filtration; and

optionally puritying the crude imiquimod.

In accordance with the present invention, the crude com-
pound of formula (I) can be optionally purified by a crystal-
lization process that includes:

dissolving the imiquimod 1n an organic solvent, optionally
at elevated temperature;

optionally adding a base to the solution;

optionally filtering the solution at elevated temperature;

cooling, e.g., to about 20° C., optionally with stirring, to
produce imiquimod crystals;

collecting the crystals by filtration, and

washing the crystals, e.g., with at least one solvent and
optionally drying the crystals.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a novel, simplified process
for preparing highly pure 4-amino-1-1sobutyl-1H-1midazo[4,
S-c]quinoline (imiquimod) of formula (I), which avoids using
gaseous ammonia and working at elevated pressure. One
embodiment of the process of the present invention 1is
depicted 1n Scheme 2 below.

Scheme 2
/ N N /\ / N N AR N
SN N guanidine AN N
carbonate
or urea
F / DMSO F A NTI
2
II I
1. Guanidine
carbonate/ .
DMSO hydrolysis

2. aqueous base
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\ -continued
/ ~ N /\ N
T X
‘ /NH
/ ~ N/ NH— C/
\
N,

[11

An exemplary process of the present invention includes:

heating 4-chloro-1-1sobutyl-1H-1imidazo[4,5-c]-quinoline
of formula (II') 1n an organic solvent and 1n the presence of a
non-gaseous amine precursor;

1solating the compound of formula (I); and

optionally purifying the obtained compound of formula (I).

The non-gaseous amine precursor 1s preferably selected
from guanidine and salts thereof (e.g., guamidine, guanidine
carbonate, guamdine hydrochloride, and the like), urea,
melamine, semicarbazide and salts thereof (e.g., semicarba-
zide hydrochloride and the like), carbamates (e.g., ethyl car-
bamate), 3-amino-1,2,4-triazine, 3-amino-1,2,4-triazole,
4-amino-1,2.4-triazole, and the like, and combinations
thereof. Preferred non-gaseous amine precursors include
guanidine carbonate and urea.

Preferably, the reaction solvent for reacting the non-gas-
cous amine precursor with the compound of formula II
includes dimethyl sulfoxide (DMSQO), N-methyl-2-pyrroli-
done (NMP), tetramethylene sulfone (sulfolane), diisoamyl
cther, diglyme, triglyme, decahydronaphthalene, paraifins,
and the like, or any mixture thereof. A particularly preferred
solvent for reacting the non-gaseous amine precursor with the
compound of formula IT 1s dimethyl sulfoxide (DMSO).

The progress of the reaction can be monitored using any
suitable method, e.g., high performance liquid chromatogra-
phy (HPLC) or thin layer chromatography (TLC), and the
reaction may be stopped, e.g., after complete disappearance
of the starting material as determined by the method used to
monitor the reaction.

In one embodiment, the non-gaseous amine precursor 1s
guanidine or a salt thereof. In accordance with the present
invention, the reaction of guanidine or a salt thereof can be
carried out 1n an organic solvent. In a preferred embodiment,
about 2 equivalents of guanidine carbonate relative to one
equivalent of the compound of formula (II) are used 1n the
process, and the process 1s carried out at a temperature of from
about 140° C. to about 150° C.

An exemplary guamidine salt, which can be used as the
non-gaseous amine precursor, 1s guanidine carbonate [H,N—
C(=NH)NH,],.H,CO,]. When guanidine carbonate 1s used
as the non-gaseous amine precursor, the reaction with com-
pound II 1s preferably carried out at elevated temperature.
After completion of the reaction, the reaction mixture 1s prei-
erably cooled, e.g., to ambient temperature, optionally with
the addition of a base, to produce a solid, which can be
collected by any suitable method, e.g., filtration. The result-
ing solid can be washed and dnied, e.g., at elevated tempera-
ture and/or under reduced pressure, to yield crude imiquimod
(I). Thus, the present invention provides a simple and straight-
torward method of preparing and isolating crude imiquimod
simply by precipitating the compound from the reaction mix-
ture. Preferably, the crude imiquimod is obtained by reaction
of compound II with guanidine carbonate to produce 1miqui-
mod 1n high yield, which 1s preferably greater than 80%.
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In another embodiment, the non-gaseous amine precursor
1s urea [H,N—CO—NH,]. When urea 1s used as the non-
gaseous amine precursor, at least 5 equivalents of urea rela-
tive to one equivalent of the compound of formula (II) are
preferably used 1n the reaction, and the reaction 1s preferably
carried out at a temperature range of at least about 135° C.,
¢.g., from about 135° C. to about 140° C. When urea 1s used
as the non-gaseous amine precursor and the reaction 1s carried
out at elevated temperature, the reaction mixture 1s preferably
cooled after reaction completion, e.g., to a temperature of
about 80° C., with the addition of water and a base (e.g., an
aqueous NaOH solution) to produce a pH of 10-11, to pre-
cipitate imiquimod. The resulting mixture can be stirred at
ambient temperature, e.g., for about 1 hour, and the crude
imiquimod can be collected, e.g., by filtration.

Preferably, the reaction with urea 1n accordance with the
process of the present invention produces crude imiquimod in
high yield, which 1s preferably greater than 85%.

In yet another embodiment, the present invention provides
a process for preparing the compound I-1sobutyl-1H-1midazo
[4,5-c]quinolin-4-guanidine of formula (I1I)

(I11)

N
\N

P

i VN

‘ NI

NN N/ NH— C//
\NH2

which preferably includes:

reacting a compound of formula (II) with guanidine car-
bonate 1n an organic solvent at a temperature of from about
130° C. to about 135° C.;

adding a base to the reaction mixture (e.g., with mixing) to
produce the compound of formula (III); and

1solating the compound of formula (III).

Preferably, the reaction with guanidine 1s carried out in the
presence ol about 2.5 equivalents of guanidine carbonate
relative to one equivalent of the compound of formula (II),
and 1s preferably carried out at a temperature range of from
about 130° C. to about 135° C.

Preferred organic solvents used 1n the reaction with guani-
dine or a salt thereof include dimethyl sulfoxide (DMSQO),
N-methyl-2-pyrrolidone (NMP), tetramethylene sulfone
(sulfolane), diisoamyl ether, diglyme, triglyme, decahy-
dronaphthalene, paraffins, or any mixture thereof. A particu-
larly preferred organic solvent for reacting guanidine or a salt
thereot 1s dimethyl sulfoxide (DMSO).

Preferred bases include one or more bases selected from
lithium hydroxide, sodium hydroxide, potassium hydroxide,
cesium hydroxide, and the like, and combinations thereotf. A
particularly preferred base 1s sodium hydroxide.

In accordance with the present mvention, the compound
1 -1sobutyl-1H-1midazo[4,5-c]quinolin-4-guanidine (II1) may
be turther reacted to prepare imiquimod, e.g., by a process
that includes:

hydrolyzing the compound of formula (III) at elevated
temperature, e.g., at a temperature of at least about 140° C.;

cooling the reaction mixture, e€.g., to ambient temperature,
to precipitate crude 1imiquimod,

5

10

15

20

25

30

35

40

45

50

55

60

65

6

optionally collecting the crude imiquimod, e.g., by filtra-
tion; and

optionally puritying the crude imiquimod.

Preferably, the hydrolysis 1s carried out 1n a solvent mix-
ture comprising an organic solvent, water and an acid. Pre-
terred organic solvents for the hydrolysis reaction include one

or more solvents selected from the N,N-dimethylacetamide
(DMA), dimethyl sulfoxide (DMSO), N-methyl-2-pyrroli-
done (NMP), and the like, and mixtures thereof. A particu-
larly preferred solvent 1s dimethyl sulfoxide (DMSO). Pre-
terred acids for the hydrolysis reaction include one or more
acids selected from sulfuric acid, hydrochloric acid, hydro-
bromic acid, nitric acid, p-toluenesulionic acid, and the like,
and combinations thereof. A particularly preferred acid for
the hydrolysis reaction 1s sulfuric acid.

Thus, preparing and optionally 1solating the compound of
tformula (I1I) 1n accordance with the present invention allows
imiquimod to be produced at relatively lower temperatures.

In accordance with the present invention, purifying the
crude compound of formula (I) can be carried out by any
suitable method, which can include, without limitation; pre-
cipitation, crystallization, slurrying, washing i a suitable
solvent, filtration (e.g., through a packed-bed column), dis-
solution 1n an appropriate solvent (e.g., dimethyl sulfoxide
(DMSQ)) and re-precipitation by addition of at least one
additional solvent (e.g., a second solvent) 1n which the com-
pound 1s 1nsoluble, and any combination of such methods.
Preferably, the crude imiquimod produced in accordance with
the present invention 1s purified by crystallizing imiquimod
from a solvent, ¢.g., by a method that preferably includes:

dissolving the imiquimod in a solvent, optionally at
clevated temperature;

optionally adding a base and mixing;

optionally filtering the solution at elevated temperature;

cooling, e.g., to ambient temperature, optionally with stir-
ring, to produce imiquimod crystals;

collecting the crystals, e.g., by filtration,

optionally washing the crystals, e.g., with at least one sol-
vent, and

optionally drying the crystals.

Preferred crystallization solvents include one or more sol-
vents selected from water, N,N-dimethylformamide (DMF),
N,N-dimethylacetamide (DMA), dimethyl sulfoxide
(DMSO), N-methyl-2-pyrrolidone AMP), and the like, and
mixtures thereof. A particularly preferred crystallization sol-
vent 1s dimethyl sulfoxide (DMSO).

Preferred bases, which can be used 1n the crystallization
process, mclude one or more bases selected from lithium
hydroxide, sodium hydroxide, potassium hydroxide, cestum
hydroxide, and the like, and combinations thereof: A particu-
larly preferred base, which can be used 1n the crystallization
process, includes sodium hydroxide.

Preferred solvents, which can be used for washing the
imiquimod crystals, include one or more solvents selected
from water, methanol, ethanol, 1-propanol, 2-propanol, and
the like, and mixtures thereof. Particularly preferred solvents
for washing the crystals include water, methanol, and mix-
tures thereof:

Crystallizing imiquimod 1n accordance with the present
invention provides a highly pure product having a purity of at
least about 98.5%, and preferably having a purity of at least
about 99.5%, and more preferably having a purity of at least
about 99.8%.

The following examples further 1llustrate the invention but,
of course, should not be construed as 1n any way limiting 1ts
scope.
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EXAMPLE 1

This example 1llustrates an exemplary process for prepar-

ing 1imiquimod by reaction of compound II with 10 equiva-
lents of urea 1n DMSO at 135-140° C.

A mxture of 4-chloro-1-1sobutyl-1H-imidazo[4,5-C]
quinoline (II) (3 g, 0.0116 mol), urea (6.9 g, 0.116 mol, 10
40°
C. for 35 hours. Then, the reaction mixture was cooled to 80°

equiv.) and DMSO (20 ml) was heated under stirring at 1

C. and water (30 ml) and 46% aqueous NaOH solution were
added to produce a pH of 10-11. The mixture was stirred at
ambient temperature for 1 hour and a precipitate was col-
lected by filtration. The wet compound was treated with water
(20 ml) at 70-80° C. under stirring for 1 hour. A solid was
collected by filtration from the hot mixture, washed with
water (3x20 ml) and methanol (20 ml) and dried at 80° C.
under reduced pressure overmight to yield 2.4 g of crude
Imiquimod 1n 87.6% vyield, having 99.0% purity (by HPLC,
containing 1.0% of compound II).

A mixture of the crude product (2.4 g) and DMSO (45 ml)

was heated under stirring at 140° C. to obtain a solution. 46%
aqueous NaOH solution was added drop-wise to the solution
to produce a pH of 10-11. The mixture was stirred at 140° C.
for 1 hour. A sample was withdrawn and 1njected to an HPLC
system. According to the HPLC chromatogram the product
contained 0.07% of compound II. The hot solution was f{il-
tered and the filtrate was cooled to ambient temperature and
kept at 20-25° C. for 8 hours. A precipitate was collected by
filtration, washed with water (3x20 ml) and methanol (2x10
ml) and dried at 80° C. overnight to obtain 2.1 g of imiquimod
in 87.8% yield; total yield: 77.0%, having a purity of 99.94%
(by HPLC).

EXAMPLE 2

This example 1llustrates an exemplary process for prepar-
ing imiquimod by reaction of compound II with 20 equiva-
lents of urea 1n DMSO at 155-160° C.

A mxture of 4-chloro-1-1sobutyl-1H-imidazo[4,5-C]
quinoline (II) (3 g, 0.0116 mol), urea (13.8 g, 0.232 mol, 20
equiv.) and DMSO (25 ml) was heated under stirring at 155-
160° C. for 12 hours. Then, the reaction mixture was cooled
to 80° C. and water (30 ml) and 46% aqueous NaOH solution
were added to produce a pH o1 10-11. The mixture was stirred
at ambient temperature for 1 hour and a precipitate was col-
lected by filtration. The wet compound was treated with water
(20 ml) at 70-80° C. under stirring for 1 hour. A solid was
collected by filtration from the hot mixture, washed with
water (3x20 ml) and methanol (20 ml) and dried at 80° C.
under reduced pressure overnight to yield 2.45 g of crude
imiquimod 1 88.5% vyield, having a purity of 99.0% (by
HPLC, containing 1.0% of the compound II). The crude 1mi-
quimod was purified by the method presented in Example 1 to
obtain 2.15 g of imiquumod 1n 87.8% vyield; total yield:
7'1.77%:; having a purity of 99-93% (by HPLC).

EXAMPLE 3

This example 1llustrates an exemplary process for prepar-
ing 1imiquimod by reaction of compound II with 20 equiva-
lents of urea 1n DMSO at 145-150° C.
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3

A mixture of 4-chloro-1-1sobutyl-1H-1imidazo[4,5-C]
quinoline (II) (4 g, 0.0154 mol), urea (18.5 g, 0.308 mol, 20
equiv.) and DMSO (26 ml) was heated under stirring at 145-
150+C for 24 hours. Then, the reaction mixture was cooled to
80° C. and water (32 ml) and 46% aqueous NaOH solution
were added to produce a pH of 10-11. The mixture was stirred
at ambient temperature for 1 hour and a precipitate was col-

lected by filtration. The wet compound was treated with water
(25 ml) at 70-80° C. under stirring for 1 hour. A solid was
collected by filtration from the hot mixture, washed with

water (3x20 ml) and methanol (20 ml) and dried at 80° C.
under reduced pressure overnight to yield 3.13 g of crude

imiquimod i 84.8% vyield, having a purity of 99.4% by
HPLC, (containing 0.6% of the compound II). The crude
imiquimod was purified by the method presented in Example

1 to obtain 2.75 g of imiquimod 1n 87.8% yield; total yield:
74.4%; having a purity of 99.93% (by HPLC).

EXAMPLE 4

This example illustrates an exemplary process for prepar-
ing 1-1sobutyl-1H-1imidazo[4,5-c]quinolin-4-guanidine (I11).
A mxture ol 4-chloro-1-1sobutyl-1H-imidazo[4,5-C]
quinoline (II) (9.0 g, 0.0346 mol), guamidine carbonate (15.6
g 0.0866 mol, 2.5 molar equiv.) and DMSO (350 ml) was
heated under stirring at 130-135+C for 5.5 hours. Then, the
reaction mixture was cooled to 60° C. and water (90 ml) and
46% aqueous NaOH solution were added to produce a pH of
10-11. The mixture was stirred at ambient temperature for 2
hours and a precipitate was collected by filtration, washed
with water (3x40 ml) and methanol (35 ml) and dried at 80°
C. under reduced pressure overnight to yield 7.1 g of crude
compound III, having a purity of 93.5% (by HPLC). The
crude compound III was purified via 1ts hydrochloride salt to
yield  1-1sobutyl-1H-imidazo[4,5-c]quinolin-4-guamdine
(I11), having a purity of 99.7% by HPLC); mp 226-228° C.
NMR "°C (DMSO-d,). 8=19.27 2CH,, 28.36 [CH(CH,).].
53.41 (CH,), 115.25, 120.27, 122.60, 126.65, 126.94,
132.16, 133.06, and 143.11 (C___ ), 143.52 (N—
CH=—N), 155.19 [IN=C(NH—)C], and 159.12 [H,N—
C(=NH)NH—]. ESI MS (m/z): 283.3 [MH*].

EXAMPLE 5

This example 1llustrates an exemplary process for prepar-
ing imiquimod by reaction of compound II with 2 molar
equivalents of guanidine carbonate 1n DMSO at 140-150° C.

A mixture of 4-chloro-1-1sobutyl-1H-1imidazo[4,5-C]
quinoline (II) (6.0 g, 0.0232 mol), guanidine carbonate (8.4 g,
0.0466 mol, 2.0 molar equiv.) and DMSO (50 ml) was heated
under stirring at 140-150° C. for 1 hour. A sample was with-
drawal and i1njected to an HPLC system. According to the
HPLC chromatogram the product contained 5.76% of 1mi-
quimod, 93.58% of the compound III and 0.66% of the com-
pound II in the reaction mixture. Stirring was continued at
140-150° C. for Her 9 hours, after which time a sample was
withdrawn and imjected to an HPLC system. According to the
HPLC chromatogram the product contained 99.4% of 1mi-
quimod and 0.6% of compound III. Then, the reaction mix-
ture was cooled to ambient temperature and a precipitate was
collected by filtration, washed with water (3x40 ml) and
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methanol (35 ml) and dried at 80° C. under reduced pressure
overnight to yield 4.5 g of crude Imiquimod 1n 81.2% yield,
having a purity of 99.85% (by HPLC).

The crude imiquimod (4.5 g) was dissolved in DMSO (80
ml) at 140° C. The hot solution was filtered off and the filtrate
was kept at 20° C. overnight. A precipitate was collected by
filtration, washed with water (3x20 ml) and methanol (3x10
ml) and dried at 80° C. under reduced pressure overnight to

obtain 4.0 g of pure imiquimod in 87.8% vield, overall yield: 10
71.3%:; having a purity of 99.93% (by HPLC).

EXAMPLE 6

This example illustrates an exemplary process for produc- 15

ing 1miquimod by reaction of a compound III with sulfuric
acid in DMSO at 140° C.

A mixture of 1-1sobutyl-1H-imidazo[4,5-c]quinolin-4-
guanidine (1II) (10.0 g, 0.0357 mol), 95-98% sulfuric acid ,,
(0.5 ml), water (2 ml) and DMSO (50 ml) was heated under
stirring at 140° C. for 20 hours. Then, the reaction mixture
was cooled to 60° C. and water (100 ml) was added followed
by addition of 46% aqueous NaOH solution drop-wise to
produce a pH of 10-11. The mixture was stirred at ambient 2°
temperature for 2 hours and a precipitate was collected by
filtration, washed with water (3x40 ml) and methanol (35 ml)
and dried at 80° C. under reduced pressure overnight to yield
6 g, of crude compound I, 1n 70% vield.

All references, including publications, patent applications,
and patents, cited herein are hereby incorporated by reference
to the same extent as 1f each reference were individually and
specifically indicated to be incorporated by reference and
were set forth 1n its entirety herein. 35

The use of the terms “a” and “an” and *“‘the” and similar
referents in the context of describing the mnvention (especially
in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indi-
cated herein or clearly contradicted by context. The terms
“comprising,” “having,” “including,” and “containing’” are to
be construed as open-ended terms (1.¢., meaning “including,
but not limited to.”) unless otherwise noted. Recitation of
ranges of values herein are merely intended to serve as a 45
shorthand method of referring individually to each separate
value falling within the range, unless otherwise indicated
herein, and each separate value 1s incorporated 1nto the speci-
fication as if 1t were individually recited herein. All methods
described herein can be performed 1n any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as™) provided herein, is
intended merely to better illuminate the invention and does 55
not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill
in the art upon reading the foregoing description. The mven- 45
tors expect skilled artisans to employ such variations as
appropriate, and the iventors intend for the invention to be
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practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements 1n all pos-
sible variations thereof 1s encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

The invention claimed 1s:

1. A process for preparing 4-amino- 1-1sobutyl-1H-1imidazo
[4,5-c]quinoline (imiquimod) of formula (I), the process
comprising;

reacting  4-chloro-1-1sobutyl-1H-1midazo[4,5-c]-quino-

line of formula (II) 1n an organic solvent with a non-

gaseous amine precursor, which 1s guanidine or a salt

thereof, or urea, to produce the compound of formula (I);
1solating the compound of formula (I); and

optionally purifying the compound of formula (I).

2. The process of claam 1, wherein the organic solvent
comprises dimethyl sulfoxide (DMSO), N-methyl-2-pyrroli-
done (NMP), tetramethylene sulfone (sulfolane), dizsoamyl
cther, diglyme, triglyme, decahydronaphthalene, paraifins, or
a mixture thereof.

3. The process of claim 2, wherein the organic solvent 1s
dimethyl sulfoxide (DMSQO).

4. The process of claim 1, wherein the non-gaseous amine
precursor 1s guanidine carbonate.

5. The process of claim 1, wherein said reacting comprises
heating the compound of formula (IT) and guanidine carbon-
ate 1n the organic solvent at a temperature of from about 140°
C. to about 150° C. optionally without application of pres-
sure.

6. The process of claim 3, wherein about 2 equivalents of
guanidine carbonate are used per 1 equivalent of the com-
pound of formula (II).

7. The process of claim 1, wherein the non-gaseous amine
precursor 1s urea.

8. The process of claim 7, wherein the urea and the com-
pound of formula (II) are heated at a temperature of from
about 135° C. to about 140° C., optionally without applica-
tion of pressure.

9. The process of claim 8, wherein at least about 5 equiva-
lents of urea are used per 1 equivalent of the compound of
formula (II).

10. The process of claim 1, comprising isolating the 1mi-
quimod from the reaction mixture and purifying the imiqui-
mod by one or more methods selected from precipitation,
crystallization, slurrying, washing with a suitable solvent,
filtration , re-precipitation from a solvent system comprising
at least one solvent and at least one additional solvent 1n
which the imiquimod 1s insoluble, and combinations thereof.

11. The process of claim 10, wherein the imiquimod 1s
purified by a crystallization method comprising:

dissolving the imiquimod 1n a solvent, optionally at

clevated temperature;

optionally adding a base and mixing;

optionally filtering the solution at elevated temperature;

optionally cooling to about 20° C. to produce imiquimod

crystals; and

collecting 1imiquimod crystals,
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optionally washing the crystals with at least one solvent, 16. The process of claim 11, wherein the solvent used for
and washing the crystals 1s water, methanol, ethanol, 1-propanol,

2-propanol, or a mixture thereof.

12. The process of claim 11, wherein the crystallization 17. The Protess of claim 16, wherein the solvent 1s water,
solvent is water, dimethy] sulfoxide (DMSQ), N,N-dimeth- methanol or a mixture thereof.

ylformamide (DMF), N,N-dimethylacetamide (DMA), 18. The process of claim 11, wherein 4-amino-1-1sobutyl-
N-methyl-2-pyrrolidone (NMP), or a mixture thereof: 1H-1im1dazo[4,5-c]quinoline (1imiquimod) (I) 1s obtained 1n a

. . L purity of at least about 98.5%.
13. The process of claim 12, wherein the crystallization 19. The process of claim 18, wherein 4-amino-1-isobutyl-

optionally drying the crystals.

solvent 1s dimethyl sulioxide (DMSO0). " 1H-1m1dazo[4,5-c]quinoline (1imiquimod) (I) 1s obtained 1n a
14. The process of claim 11, wherein the base 1s lithium purity of at least about 99.5%.

hydroxide, sodium hydroxide, potassium hydroxide, cestum 20. The process of claim 19, wherein 4-amino-1-1sobutyl-

hydroxide, or a combination thereof. 1 H-1midazo[4,5-c]quinoline (imiquimod) (I) 1s obtained 1n a

15. The process of claim 14, wherein the base 1s sodium 1° purity equal to or greater than about 99.8%.

hydroxide. £ % % k%
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